Threshold effects and control of oxidative phosphorylation in nonsynaptic rat brain mitochondria.
The amount of control exerted by respiratory chain complexes in isolated nonsynaptic mitochondria prepared from rat brain on the rate of oxygen consumption was assessed using inhibitor titrations. Rotenone, myxothiazol, and KCN were used to titrate the activities of NADH:ubiquinone oxidoreductase (EC 1.6.5.3; complex I), ubiquinol:ferrocytochrome c oxidoreductase (EC 1.10.2.2; complex III), and cytochrome c oxidase (EC 1.9.3.1; complex IV ), respectively. Complexes I, III, and IV shared some of the control of the rate of oxygen consumption in nonsynaptic mitochondria, having flux control coefficients of 0.14, 0.15, and 0.24, respectively. Threshold effects in the control of oxidative phosphorylation were demonstrated for complexes I, III, and IV. It was found that complex I activity could be decreased by approximately 72% before major changes in mitochondrial respiration and ATP synthesis took place. Similarly, complex III and IV activities could be decreased by approximately 70 and 60%, respectively, before major changes in mitochondrial respiration and ATP synthesis occurred. These results indicate that previously observed decreases in respiratory chain complex activities in some neurological disorders need to be reassessed as these decreases might not affect the overall capability of nonsynaptic mitochondria to maintain energy homeostasis unless a certain threshold of decreased complex activity has been reached. Possible implications for synaptic mitochondria and neurodegenerative disorders are also discussed.